1. Introduction {#sec1}
===============

Based on international surveys during the past forty years, the prevalence of overweight or obesity in children has accelerated in most global regions \[[@B1]\]. Latest available estimates from 34 member countries within the Organization for Economic Cooperation and Development indicate that among school age children, 21% of girls and 23% of boys are overweight \[[@B2]\]. However, children are affected with excess weight at ages before they enter school. Worldwide, an estimated twenty-two million children ≤5 years of age were overweight in 2007 \[[@B3]\] and at present, approximately 10--20% of infants and toddlers in the United States (US) are overweight \[[@B4]\], (≥85th body mass index (BMI) percentile for age), values similar to those reported for young children in multiple countries \[[@B5]--[@B9]\]. Equally concerning is the finding that nearly 10% of infants and toddlers, from birth---2 years are also obese, at or above the 95th percentile of the weight for recumbent length growth charts \[[@B4]\]. More than half the overweight children from one longitudinal study became overweight before age 2, and 25% were overweight by 5 months of age \[[@B10]\].

Many overweight infants remain overweight into their childhood years, and childhood obesity has long been known as a strong predictor of adult obesity \[[@B11]\]. Recent results from a retrospective medical-chart review of 257 children demonstrated that an increased BMI, as early as 2 weeks of age, was associated with a significant increased risk of overweight at 6, 12, 36, and 60 months \[[@B12]\]. Similarly, reports of overweight at 6--18 months of age being strongly predictive of weight in preschool years are becoming more often documented \[[@B13]--[@B15]\]. Longitudinal data from 762 infants and children (age 0--18 years) indicated that body weight as early as 2 years of age begins a positive tracking period for adult overweight; weight status from 2--6 years was the most critical growth period for prediction and realization of adult overweight \[[@B16]\]. An overweight child at age 2--4 years has a 5-fold increased risk of being overweight at age 12, compared to children not overweight during their preschool years. Although limited longitudinal data are available to categorize the proportion of overweight infants that remain overweight throughout life, infant weight status is predictive of BMI or measures of obesity during the adolescent and early adult years \[[@B15], [@B17]--[@B21]\]. The earlier a child becomes overweight, and the longer excess weight is maintained, the greater the risk that the child\'s overweight will follow into adulthood.

Interventions to successfully reduce rates of overweight in very young populations are emerging areas of research, but have yet to be given adequate attention. Critical periods for establishing dietary intake patterns, eating habits, and food preferences begin in infancy, and although inconsistent, may be set as early as 2 years of age \[[@B22], [@B23]\]. As the infant progresses to table foods, the family diet exerts a strong influence on food consumption \[[@B24]\] consistent with a general adoption of the eating practices of the family.

Parental feeding practices, if not causative for weight status in young children, are strongly associated with body weight and healthy food choices throughout childhood \[[@B25]\]. Research suggests that interventions to adjust food composition or caloric intake and increase physical activity, especially after infancy, have a small impact on children\'s weight or measures of adiposity \[[@B26], [@B27]\] and have been inadequate in curtailing the increased prevalence of overweight affecting young children. Obesity prevention efforts that begin during the school age years offer an approach that is insufficient in addressing the epidemic. Twenty percent of U.S. preschool age children are already overweight \[[@B4]\], a finding that may be mirrored among other young children throughout the world \[[@B1], [@B9]\].

The primary objective of this narrative review is to discuss risk factors associated with early childhood overweight, with emphasis on current evidence that supports specific modifiable risk factors for obesity prevention within very young children. A review of the available, but few, interventions designed to prevent overweight and obesity within the infant age population is included. It is hoped that this review will contribute to the development of future strategies, policy, and practices consistent with the public health need for an early life obesity prevention plan.

2. Aims and Methods of Review {#sec2}
=============================

Antecedents of early childhood obesity are clearly multifactorial, and associations of varying strength have been documented for genetic, biologic, dietary, environmental, and behavioral factors. To comprehensively identify factors associated with early overweight, the referencing databases of MEDLINE, PubMed, Cochrane Central Register of Controlled Trials, and Web of Science were searched, through September 15, 2011, for studies indicating a relationship between early weight gain, overweight, or obesity and the aforementioned multifactorial categories among infants and toddlers with an average study age up to age 2 years. Potentially modifiable factors associated with weight were defined as feeding and related dietary, environmental, or behavioral practices that could be potentially modified with interventions beginning at birth. Genetic and biological factors were identified as genetic predisposition, epigenetic effects, and those within the prenatal environment. An *a priori* exclusion was established for studies not published in the English language, without test statistics or probability levels, with less than 10 subjects completing the study, or the primary study objective was not to specifically evaluate or describe factors associated with weight or adiposity status among full term "healthy" infants and toddlers. The search strategy further applied individual and combinations of pertinent key words to the title and abstracts of referencing databases including: infant, toddler, overweight, obesity, prevention, weight, weight change, nutrition, diet, education, behavior change, and parenting practices to assess the pool of studies addressing potentially modifiable factors that may not have been secured with the more broad terms identified above.

Of the 6255 citations generated, those describing interventions or observational studies with focus on associations with weight, or reducing overweight or obesity in children younger than 2 years were selected and the introduction, discussion, and reference sections of each publication were read. The process of obtaining additional potential references was extended until no new studies were generated from these sources.

3. Literature Search Results {#sec3}
============================

A total of 143 publications were identified as meeting selection criteria of factors significantly associated to early weight gain, overweight or obesity in children through 2 years of age. Due to the limited number of publications for some of the modifiable risk factor associations that surfaced, the search was subsequently extended to children with an average study age of ≤5 years. This process yielded an additional 40 usable publications. A summary of the genetic and biologic (e.g., prenatal), and potentially modifiable (e.g., feeding and related dietary, environmental, and behavioral) factors associated with overweight within infants and young children is discussed within sections of the narrative review below.

4. Genetic and Biological Factors Associated with Infant and Childhood Overweight {#sec4}
=================================================================================

4.1. Genetic Predisposition and Epigenetic Effects {#sec4.1}
--------------------------------------------------

Although strong evidence supports the role of yet non-modifiable genetic factors in early-onset obesity \[[@B28], [@B29]\], in and by themselves, these appear as an insufficient argument to support the increased prevalence in childhood obesity over the last three decades; genetic factors alone cannot account for the rapid secular increase. Genetic polymorphism that increases the risk for obesity \[[@B30], [@B31]\] may explain a small fraction of cases of childhood-onset obesity. However, in the majority children, obesity is attributed to the interaction between multiple genetic factors and an accommodating environment \[[@B32]\]. Continued integration of data from multiple sources of environment, genotype, and expression will help clarify obesity-related contributions from these areas \[[@B33]--[@B35]\]. Increasingly, it appears that epigenetic factors, heritable shifts in gene function, that do not involve changes in DNA sequence, are gaining more attention as important factors associated with childhood obesity.

Genetic predispositions related to children\'s weight, food intake, and dietary patterns are modulated by experience \[[@B36]\] and significantly influenced by the environment, including the family environment \[[@B37]\]. Skidmore and colleagues \[[@B38]\] suggested that an obesogenic postnatal environment is more important than the fetal environment for the development of obesity in female twins. Even racial and ethnic differences in the prevalence of pediatric obesity may be partly explained by differences in potentially modifiable risk factors during early infancy \[[@B39]\].

Not surprisingly, parental weight status is a strong predictor of childhood obesity, as parents provide genes, environment, and a diet, within a context of their particular social and behavioral settings. Children of overweight parents are at increased risk for development of obesity \[[@B40]\] and those, up to approximately 5 years of age, with both parents being obese have been associated with a much greater risk (\~10 fold) for later obesity than those with one obese parent \[[@B11]\]. Although findings of an independent association with paternal weight and childhood weight status have been demonstrated \[[@B13]\], maternal weight status is consistently reported as one of the strongest correlations with their children\'s weight. Children of overweight mother\'s are nearly 3 times as likely to be overweight as children with mothers of a healthy weight \[[@B41]\]. Obese women tend to have large babies \[[@B42]\], and large for their gestational age babies are at a higher risk of becoming obese children, though not all studies have confirmed this association \[[@B15], [@B43]\]. In sum, genetic relationships are clearly associated with childhood obesity, but cannot explain all cases of childhood overweight or obesity.

4.2. Prenatal Environment {#sec4.2}
-------------------------

It has long been recognized that the intrauterine environment can exert effects on the developing fetus that may have long-lasting influence on health and disease into adulthood \[[@B44]\]. Recent epidemiological studies, from populations worldwide, have confirmed that indicators of nutritional deficit in pregnancy, such as infant low birth weight, are associated with greater risk of the infant developing adult cardiovascular disease, hypertension, or type 2 diabetes mellitus \[[@B45]\], all of which have independent and positive association to weight. Potential mechanisms for these developmental origins of disease are lacking, but abnormalities in the hypothalamic pituitary axis influencing metabolism, impaired fat oxidation, increased central fat distribution, and abnormal control of energy intake have been suggested \[[@B46], [@B47]\].

Prenatal exposure to maternal smoking during pregnancy increases risk for later obesity, and meta-analyses results confirmed that children whose mothers smoked during pregnancy were at elevated risk for overweight (pooled adjusted odds ratio (OR) 1.50, 95% CI: 1.36, 1.65) at ages 3--33 years, compared with children whose mothers did not smoke during pregnancy \[[@B48]\]. Prenatal exposure to other environmental toxins that may increase the risk of childhood obesity, such as endocrine disrupting chemicals \[[@B49]\] are gaining attention as potential prenatal obesogenic factors.

The intrauterine environment may also be a viable source of extra macronutrients that influence birth weight. Infants that experience excess maternal gestational weight gain *in utero*, or that are born to mothers with diabetes, have an increased risk of being born large for their gestational age. These infants will also have a greater risk of becoming overweight, or of developing increased adiposity during their preschool \[[@B50]--[@B53]\], or school age years \[[@B54]--[@B56]\]. Although associations from observational studies described above are generally consistent with regard to infant or childhood risk of excess weight, causality has not unequivocally been established. Nevertheless, these strong associations underscore the fact that maternal obesity, or excess maternal weight gain during pregnancy, along with its attendant endocrine and other biologic disruptions, may contribute to a generational perpetuation of the problem and argues for the potential of prenatal interventions to modify the fetal environment. While meritorious, it also appears clear that if modification of maternal dietary and environmental interventions were to be attempted, some of these potential preventive measures would need to begin prior to the earliest days of gestation.

5. Potentially Modifiable Factors Associated with Infant and Childhood Overweight {#sec5}
=================================================================================

Recent research has brought attention to specific parental feeding practices, commencing at birth, that may interact with genetic predispositions or prenatal covariates to inadvertently promote an obesogenic environment during infancy. These risk factors associated with early overweight or obesity have been identified in observational studies from both prospective and retrospective data review, with various population groups and sample sizes. Studies of mother-infant dyads from birth, with measured length and weight during infancy or toddler years, reveal important associations. However, such reports are few. Conclusions from observational studies of potentially modifiable factors associated with pediatric overweight or obesity in children up to age 5 years are presented on [Table 1](#tab1){ref-type="table"}.

5.1. Weight Gain during Infancy {#sec5.1}
-------------------------------

Results from several systematic reviews are consistent in demonstrating strong evidence of a positive association between rapid infancy weight gain and later risk of obesity \[[@B15], [@B57], [@B58]\]. Of several body composition methods employed, or surrogate markers used for adiposity estimation, the association among rapid weight gain in infancy and later risk of overweight has been consistently noted from studies, worldwide \[[@B20], [@B61]--[@B60], [@B59]--[@B65]\]. For example, weight gain during the first 2 months of life, and from 2 to 9 months, measured by dual-energy X-ray absorptiometry, was recently demonstrated in the United States to be associated with fat mass, percentage of fat mass, and fat-free mass ratio in 10-year-old children \[[@B20]\]. Similarly, weight gain during the first 3 months of life, and between 3--12 months, was also positively correlated with WHO BMI z-scores at age 7 in China \[[@B64]\], and German infants that gained weight rapidly during the first 2 years of life had greater adiposity during preschool years than those with a normal rate of growth \[[@B63]\]. Additionally, increases in weight-for-length or BMI during the first 18 months of life were positively associated with higher BMI, subcutaneous adiposity and obesity at 3-4 years of age \[[@B13], [@B14], [@B61]\]. Studies with skinfold thickness measurements \[[@B66]\], bioimpedance \[[@B17], [@B19]\], or a combination of methods \[[@B18], [@B67]\] reveal similar findings that early growth patterns are critical periods for development of overweight.

The more rapid and earlier an infant gains excess weight, the greater the likelihood for undesirable weight in subsequent months, and years. Although weight gain in infancy could be considered an "effect," rather than a specific obesogenic factor in early life, and the underlying mechanisms of rapid weight gain are unclear, this risk for latter obesity clearly signals the need for intervening in the early period of life. The potential to prevent early excess weight gain, through parental feeding and related practices, beginning at birth, is strong.

5.2. Breastfeeding {#sec5.2}
------------------

Breastfeeding is recognized as the ideal feeding for infants, due to its potential for health maintenance and disease prevention \[[@B68]\]. Among the multiple health benefits associated with breastfeeding, a protective effect from obesity has been recognized. However, breastfeeding rates, particularly those for exclusive breastfeeding are less than ideal. Worldwide initiation rates of breastfeeding are currently near the WHO standard \[[@B69]\], yet globally only 34.6% of infants up to 6 months of age are exclusively breastfed, with values ranging from 43.2% within the WHO South-East Asia region, to 17.7% among babies in the European Region \[[@B70]\].

The U.S., Healthy People 2020 objectives for exclusive breastfeeding through 3 and 6 months of age are 46% and 25%, respectively, yet nearly 25% \[[@B71]\] to 42% \[[@B72]\] of breastfed infants in some cohorts receive formula while still in the hospital (before two days of age), decreasing the likelihood of development of a full milk supply by the mother. Moreover, recent survey data \[[@B73]\] indicate that 8% of mothers offered infants a combination of breastmilk and formula, from birth, during the first week of life. Among infants provided both breast milk and formula, overall breastfeeding duration was lower than those offered no formula, and when compared to infants provided 4 months of exclusive breastfeeding, the infants provided the combination of breastmilk and formula, or only formula, were at increased risk of overweight or obesity between ages 2 and 6 years \[[@B73]\].

Numerous studies, and at least 5 meta-analyses and systematic reviews, have examined the role of breastfeeding in relation to childhood or later obesity \[[@B74]--[@B78]\]. Not all conclusions are in agreement with regard to the strength of the obesity protective effect of breastfeeding; or, more correctly expressed, the increased risk of overweight with partial or full infant formula feeding in the first 4--6 months of life. However, the vast majority of studies show some degree of an inverse association between breastfeeding and risk of obesity. Conclusions vary, primarily due to inconsistency with a definition of "breastfeeding," particularly that of exclusive breastfeeding, as well as length of followup, definition of weight status, duration of breastfeeding, and confounding factors, which some analyses considered, and others did not. The statistical analyses procedures utilized to aggregate individual clinical trials may also explain differences in meta-analyses results. For example, a protective effect of breastfeeding on overweight (binary data analysis) has been reported by meta-analyses using logistic regression, whereas studies using linear regression and BMI (continuous data analysis) failed to detect meaningful significant associations \[[@B79]\].

Three of the five meta-analyses of observational studies found that obesity risk at school age was reduced by 15--25% with "early breastfeeding" compared with formula feeding \[[@B80]\]. When at least three confounding factors (such as birth weight, parental weight, parental smoking, dietary factors, physical activity, or socioeconomic status) were considered, results indicated that the likelihood of obesity was 22% lower among breastfed children, compared to those not breastfed \[[@B78]\]. One review demonstrated a reduction in risk of obesity from 24%, before statistical adjustment for confounding variables, to a 7% reduced risk of later overweight after considering paternal weight status, smoking, and socioeconomic status \[[@B74]\]. A separate meta-analysis determined that the risk of becoming overweight was reduced by 4% for each month of breastfeeding \[[@B77]\], yet the effect realized a plateau after nine months of breastfeeding. Taken together, results from the five meta-analyses identified above, published in 2004--2006, provide evidence that breastfeeding may have a relatively small, but consistent protective effect against obesity for children \[[@B71]\]. Newer observational studies and reviews provide additional support \[[@B60], [@B73]--[@B91]\], and as exclusive breastfeeding becomes consistently defined among studies, and tracked among study participants with future reports, results may likely be stronger for a protective breastfeeding effect on overweight prevention. Given available data, one recently released national guideline unequivocally concluded that babies who are breastfed are less likely to become overweight or obese compared to those not provided breastmilk \[[@B92]\]. The importance of breastfeeding, and specifically, exclusive breastfeeding, that is, avoidance of infant formula for the first 6 months of life, is a public health message that can not be over emphasized.

The mechanisms by which breastfeeding could decrease risk of overweight or obesity remain unclear. Breastfed infants tend to be leaner and gain weight more slowly throughout infancy than formula-fed infants, particularly after 3 months of age. Differences in weight gain during the first 12 months among breast fed and formula fed infants differed by 0.65 kg in one well matched study of 46 breastfed and 41 formula-fed infants; length and head circumference values were similar among groups \[[@B93]\]. Increased intake of energy, protein, or both energy and protein in formula fed infants, compared to breast fed infants, have been proposed as a factor \[[@B94], [@B95]\]. In addition, a stronger infant self-regulation of intake has been suggested as a plausible explanation for differences among caloric intake of breastfed and formula fed infants \[[@B96]\].

Breastfeeding is associated with other advantages for decreasing the risk overweight development, such as parent feeding practices of a lower frequency of introducing complementary foods at ages less than 4 months, and less frequently offering high fat or high sucrose foods to infants at 1 year, compared to mothers that formula fed their infants \[[@B72], [@B97]\]. While causality remains to be demonstrated, interactions among many obesity preventative feeding strategies may coexist with breastfeeding. Moreover, the finely regulated supply-and-demand relationship of milk production between the mother infant dyad may be disrupted with bottle feeding. Consequently, reading and interpretation of hunger and satiety cues may be significantly affected \[[@B91]\].

In summary, breastfeeding has at least some protective role in pediatric obesity. Although the exact subpopulation of infants most likely to benefit from obesity prevention effects has yet to be determined, numerous other health benefits of breastfeeding are indisputable. Any intervention in an infant population aimed at potentially reducing the risk of obesity would by necessity include effective encouragement, establishment, and continuation of exclusive breastfeeding for at least the first 6 months of life.

5.3. Introduction Age to Complementary Foods {#sec5.3}
--------------------------------------------

The WHO recommendation for introduction of complementary feeding at 6 months of age has been adopted by many countries. The American Academy of Pediatrics Section on Breastfeeding, and the American Academy of Pediatrics Committee on Nutrition recommend delaying the introduction of complementary foods to at least the age of 4 months, and preferably 6 months \[[@B98]\]. Age-appropriate complementary foods are recommended to be introduced as indicated by the individual child\'s nutritional and developmental needs \[[@B99]\]. Although age and size often correspond with developmental readiness, these should not be used as sole considerations for deciding what and how to feed babies \[[@B100]\]. Provision of complementary food that is not synchronized to developmental milestones or to physiologic and immune readiness may be linked to allergies and digestive problems \[[@B72], [@B101]\], and early introduction of complementary foods (e.g., \<4 months) has been positively associated with rate of weight gain during infancy, increased weight, or measures of adiposity in infants, toddlers, and preschool age children \[[@B88], [@B102]--[@B108]\].

Estimates for the prevalence of parents providing complementary foods prior to guidelines for developmental readiness vary. One survey of approximately 3,000 parents, completed in 2002, documented that 26% of infants were introduced to solid foods before 4 months of age \[[@B97]\], and a second survey, using a similar methodology and sample size in 2008, indicated that approximately 10--15% of parents introduced infants to complementary food prior to 4 months of age \[[@B109]\]. Although it appears from these studies that an overall improvement in the practice of providing early complementary feeding has occurred in recent years, some racial/ethnic groups of parents may still engage in this practice at high frequencies \[[@B110]\]. Teaching parents to identify the appropriate developmental readiness milestones, through an anticipatory guidance approach, may be useful in delaying the inappropriate introduction of complementary foods at an early age which has been associated with early or excessive weight gain.

5.4. Diet Quantity and Quality {#sec5.4}
------------------------------

### 5.4.1. Energy Intake {#sec5.4.1}

A classic study by Stunkard and colleagues \[[@B111]\] was one of the first to identify that energy intake contributes significantly to body weight and measures of adiposity at 1 year of age. The contribution of energy intake (assessed via weighted food records), but not energy expenditure (measure via indirect calorimetry for sleeping and total energy expenditure), was significant in the prediction of body size in the 78 infants at one year, after considering breastfeeding status, as well as maternal BMI. Although not all studies have employed such sophisticated evaluation techniques, and some have reported neutral results for the association between BMI and energy intake within preschool age children \[[@B112], [@B113]\], several have reported that total energy intake is positively associated with risk or prevalence of overweight in infants, toddlers, and preschool age children \[[@B108], [@B114]--[@B116]\].

A higher dietary protein intake during infancy has also been positively associated with early weight gain during the first 2 years of life \[[@B94]\], although with correlations smaller than that for energy intake \[[@B116]\]. Randomized trials that compared growth of children fed formula of different protein concentrations showed either no association \[[@B57], [@B58], [@B117]\], or a significant effect of increased protein on early infant weight gain \[[@B94], [@B118]\]. Given that formula contains more protein, and most have a slightly higher energy density than breastmilk, these findings could explain, in part, associations among formula fed infants being at higher risk for overweight than breastfed infants. When considering the total dietary protein intake, no association with later increased BMI (at 6-7 years) was reported at 6-month-old protein intake, but a higher protein intake at 12 months was independently related to increased measures of overweight in one cohort \[[@B119]\], and only in boys in another \[[@B120]\]. It appears that protein intake during the transition to the family diet is a critical point for overweight risk. By replacing carbohydrate-rich foods (fruit, vegetables) of which are low in protein and also relatively low in calories, for other energy dense foods, diet quality will naturally change. Such an alteration in macronutrient contribution and energy intake may be an effective approach to decreasing early childhood risk of obesity.

Some of the most recent comprehensive assessments of diet quality and quantity among infants and toddlers are the feeding infants and toddlers studies (FITSs). These 24-hour dietary intake surveys, conducted by phone interview in 2002 and 2008 with representative, cross-sectional samples (*n* \> 3000) of US parents and caregivers, in infants from birth to 48 months of age, provide detailed information on energy, nutrient intakes, and eating patterns of infants and young children \[[@B121], [@B122]\]. Results from these studies confirm that obesity associated dietary factors are highly prevalent in the U.S. infant population.

In 2008, infants participating in the FITS survey, age birth to 5 months, consumed nearly 14% more calories (83 kcal/d) than estimated needs, and average energy intakes remained above estimated requirements throughout the toddler years \[[@B109]\]. Assuming the excess energy from the recent FITS study for the youngest infant category, and applying the first law of thermodynamics in its simplest form, after 6 weeks of 83 additional kcal/day, an estimated 0.45 kg weight gain would be possible, and after 6 months, an additional 1.9 kg of weight could be predicted. Utilizing an average weight of 7.9 kg for a 6-month-old infant boy, the weight differential of 1.9 kg corresponds to the difference between a weight for age between the 50th percentile and the 98th percentile.

High-caloric dessert foods such as cookies, cakes, candies or sweetened beverages were consumed by nearly 20% of the 6--9-month-old infants and by nearly 45% of 9--12 month old infants. At 1 year of age, approximately 55% of infants were consuming desserts, sweets, or sweetened beverages and by 15 months of age, two thirds of toddlers consumed this category of foods on the survey day \[[@B109]\] at a level of intake that tended to remain constant throughout the toddler years \[[@B123]\]. Given the energy density of these foods, and frequency of consumption, they are likely contributing to the caloric intake to a substantial degree.

### 5.4.2. Intake of Sweetened Beverages {#sec5.4.2}

Consumption of sugar sweetened beverages has been positively related to measure of adiposity or overweight in toddler and preschool age children \[[@B115], [@B124]--[@B132]\]. Specific data relating an independent association of sweetened beverage intake and weight measures are not available for infants, yet FITS data confirm that even young infants frequently consume calories from the dessert, sweets, or sweetened beverage category. Meta-analyses have established the degree to which sweetened beverage intakes in children contributes to obesity; effect sizes range from a 0.03 \[[@B133]\] to 0.08 unit change in BMI per 12 fl oz of soda per day \[[@B134]\], depending upon the length of followup, of which varied among studies. Considering the contribution of approximately 90 calories from a 6 ounce serving of a regular cola-type beverage, reducing sweetened beverage consumption among children may have a measurable impact on weight status.

### 5.4.3. Fruit and Vegetable Consumption {#sec5.4.3}

Children with high consumption or availability of fruit and/or vegetables consume less total energy and are associated with a more desirable body composition or body weight during preschool years \[[@B135]--[@B139]\]. However, according to the 2008 FITS data, approximately 37% of infants age 6--9 months and 28% of 9--12-month olds did not consume a single serving of vegetables on a given day \[[@B109]\]. Less than 15% of infants and toddlers consumed foods from the micronutrient rich, lower-calorie, dark green vegetable category on the study survey day; instead, white potato, particularly fried potatoes, were the most frequently consumed "vegetable" of children aged 12--15 months of age (18.5%) and remained a daily dietary habit of many toddlers \[[@B123]\]. Of children aged 1-2 years, 33% were eating meals or snacks at a fast-food restaurant, on a given study day, which may explain the frequency of fried potato intake. The daily consumption of lower-calorie vegetables, within the infant and toddler population, could help provided a more balanced energy intake.

The American Academy of Pediatrics recommends that infants less than six months of age should not be served juice \[[@B98]\]. Pureed, mashed, or whole fruit is appropriate for infants once complementary feeding begins, up to one year of age, and beyond. Children aged 1--6 years should be limited to a total of four to six ounces of juice per day \[[@B99]\].

In summary, the studies mentioned above, all point to specific examples of modifiable practices regarding complementary food introduction which may have greater effectiveness and efficacy impact in infancy than attempting modifications in diet patterns once these are established. For example, simple messages that educate parents and caregivers about healthy feeding and dietary habits for infants and toddlers include those that encourage a wide variety of nutritious foods, especially fruits and vegetables, in forms and times that are developmentally appropriate for the child \[[@B140], [@B141]\], and with frequency and persistence of offerings to generate acceptance. Planning toddler\'s snacks, of which contribute about 25% of a toddler\'s daily energy intakes \[[@B142]\] to complement meals by including fruits, vegetables and whole grains, rather than sugar-sweetened drinks and desert-type foods, as well as limiting exposure to fried fast food restaurant foods, all provide additional practical examples of modifiable healthy food practices that parents can foster \[[@B123]\].

5.5. Parent Feeding Practices {#sec5.5}
-----------------------------

If provided the opportunity, infants and young toddlers will exert a relatively robust innate ability to regulate energy intake \[[@B143]--[@B146]\]. However, innate self-regulation of caloric intake can be easily overridden by environmental factors, including well-meaning, yet misguided parent feeding practices. Although a complex relationship has been proposed, correlational evidence is increasingly being documented linking parent feeding practices to infant or childhood weight status \[[@B149], [@B150], [@B147]--[@B151]\], even when considering several confounding variables \[[@B135]\]. However, as described below, depending on the particular feeding practice, and age of the child, the directionality of the relationship varies.

### 5.5.1. Attention to "Hunger and Satiety Cues" {#sec5.5.1}

Parental inattention to an infant\'s hunger and satiety cues has been associated with weight gain at 4-5 months \[[@B152]\], predictive of weight gain at 6--12 months \[[@B153]\], and related to infant and toddler weight-for-length z scores \[[@B154]\]. Inadequate feeding practices associated with bottle feeding of infant formula, where hunger and satiety cues may require more attention to be recognized compared to breastfeeding, or the use of bottle feeding as a method for soothing infants, may also contribute to greater than expected energy intake in early life. Lack of responsive parent feeding practices, such as inattention to a child\'s hunger or satiety cues, has been positively associated with infant overfeeding or overweight \[[@B152]--[@B155]\].

In contrast, "responsive feeding," where the parents or caregivers recognize and respond to infant cues for hunger and satiety helps foster trust and appears to reduce potential overfeeding \[[@B99]\]. Feeding infants on cue, rather than on a schedule, may help prevent childhood obesity \[[@B91]\], for when infants are "cue fed," they are in control of frequency and amount of feedings \[[@B99]\]. As a consequence, very early attention and appropriate responsiveness by parents to hunger and satiety cues may have long reaching effects on feeding practices of children.

It is unlikely that parent feeding practices of low attention to infant cues for hunger and satiety are transient, or that children do not adapt to such by learning to overeat. At 2 years of age, children participating in laboratory tasks designed to assess their self-regulation skills that ranked lower on inhibitory control and higher on reward sensitivity skills were more likely to be overweight at 5 years of age than their counterparts \[[@B156]\]. In addition, children (3--5 years) in higher weight categories had lower satiety response and higher response to food cues, even after controlling for parental education and BMI \[[@B157]\]. Parental education about reading appropriate hunger cues presented by the infant and responding appropriately with timing, amount, and pacing of early feeding of nutritious food, as well as a parental acceptance of alternative soothing options, rather than immediate feeding, may be helpful to prevent overfeeding.

### 5.5.2. Use of "Controlling," "Rewarding," or "Restrictive" Feeding Practices {#sec5.5.2}

Excessive "maternal control during feeding" at the weaning period \[[@B149]\] or childhood years \[[@B158]\], and parental use of food as a solace or reward for their children \[[@B159]\], have been rather consistently implicated as factors associated with unhealthy eating or weight gain in children. Offering food as a reward or punishment places undue importance on food and may have negative effects leading to obesity or poor eating behavior. When parental control is applied in a general atmosphere of involvement and parental warmth (e.g., authoritative parenting style from the child development literature \[[@B160]\]), it has led to positive food choices by young children \[[@B161]\], healthy eating \[[@B161]--[@B163]\], and obesity prevention \[[@B147], [@B164]\]. Children are responsible for participating in choices about food selection (within the healthy food options provided by the parent) and should be allowed to take responsibility for determining how much is consumed at each eating occasion \[[@B101]\]. Using this approach, along with providing small portions of new foods and praising the child for eating healthy foods has been positively associated with consumption of nutritious foods by preschool age children \[[@B165]\].

In contrast, parental restriction of children\'s eating or restricting their access to food \[[@B25], [@B166]--[@B175], [@B168]--[@B172]\], particularly if fueled by parental concern about overeating \[[@B176]\] or child\'s weight \[[@B177]\], has been frequently associated with childhood weight gain, particularly in older children. However, parental restriction did not predict change in a sample of preschool age children\'s eating behavior \[[@B178]\], and a favorable influence of parental food restriction on the intake of energy-dense foods and snacks has been reported among toddlers \[[@B179]\]. Research to address the directionality of relationships among some parent feeding behaviors with infants and toddlers is needed.

Although associations between parental feeding practices and subsequent early childhood risk of overweight are well documented, due the nature of the observational research, a causal relation cannot be concluded. It is difficult to discern if certain child factors evoke parenting feeding practices, or whether parent feeding practices influence these child factors. Moreover, as reviewed by Ventura and Birch \[[@B180]\], and Anzman and colleagues \[[@B181]\], the majority of research in the arena of parent feeding practices and childhood weight is cross-sectional, or performed in a feeding-laboratory setting. Few studies have systematically examined whether an intervention program designed to educate parents on the potential role their infant or child feeding practices could play on the weight status of their young children are available.

Given the above findings, educational interventions on feeding practices with high responsiveness to hunger and satiety cues, and allowing for early self-regulation of food intake by the infant, are needed to curb the potential adverse effects that parent feeding practices can have on children\'s innate ability to regulate energy intake \[[@B143]\]. Interventions for obesity prevention that do not address parenting approaches to feeding are unlikely to be successful \[[@B182]\].

5.6. TV/Screen Viewing Time and Physical Activity/Active Play {#sec5.6}
-------------------------------------------------------------

The American Academy of Pediatrics consensus Statement on Prevention and Treatment of Childhood Obesity \[[@B183]\] recommends that children 2 years old and younger should not be exposed to television, and children over age 2 should limit daily media exposure to only 1-2 hours of quality programming for TV viewing and screen use. In contrast to these recommendations, survey data show that by 3 months of age, approximately 40% of infants regularly watch videos, DVD\'s, or television and 90% of children under age 2 watch television daily \[[@B184]\]. Moreover, these early screen-viewing patterns appear to persist into childhood \[[@B185]\].

There is solid evidence that increased TV viewing and screen time has been associated with overweight, obesity, or adiposity in toddler and pre-school children within multiple cohorts and studies \[[@B5], [@B125], [@B129], [@B186]--[@B192]\]. The influence of TV and screen time watching on body weight is likely related to the sedentary nature of viewing and displacement of activity, yet also to the quality and quantity of foods consumed while watching TV, particularly during mealtimes. Among toddler age children, TV viewing was associated with higher intakes of calories, sugar-sweetened beverages, fast food, and less fruit and vegetable consumption \[[@B193]\]. TV watching during mealtime was also a strong predictor of toddler\'s "unhealthy" food consumption, primarily mediated through their mother\'s TV viewing of which affected her own food intake, in turn, influencing the toddler\'s food consumption pattern \[[@B194]\]. TV viewing has been associated with foods consumed by school age children \[[@B195]\], including more pizza, salty snacks, fast foods, and soda, and fewer vegetables or whole grains while watching TV during mealtimes, compared to meals consumed without TV \[[@B196], [@B197]\].

In addition to limits for TV, daily physical activity can prevent a rapid gain in weight which leads to obesity early in life \[[@B99]\]. Several studies have documented an inverse association with time spent during active play/physical activity and measures of adiposity or risk of overweight among toddler and preschool age children \[[@B5], [@B105], [@B132], [@B189], [@B190], [@B198]\]. Although some experts recommend that infants should have supervised "tummy time" every day when they are awake and that confining infant equipment such as swings, infant seats (e.g., bouncers), if used, should only be allowed for short periods of time \[[@B199]\], data to evaluate the prevalence of these behaviors at home, or in infant care settings, and their association to overweight, obesity, or rapid weight gain in infancy are not available.

Parents may need education and encouragement to provide a least restrictive environment to foster active play time for their young infants and opportunities for gross motor activity \[[@B200]--[@B203]\]. Early infancy and childhood interventions geared to risk reduction of overweight and obesity should include education on risks associated to screen time, and on physically active alternatives to screen time to encourage motor development in young children.

5.7. Sleep Duration {#sec5.7}
-------------------

Since an early report in 1992, suggesting that short sleep duration is associated with childhood obesity \[[@B204]\], multiple observational studies have documented an inverse relationship between sleep duration and measures of adiposity, overweight, or obesity with infant, toddler, and the preschool age children \[[@B188], [@B191], [@B205]--[@B210]\]. Recently, shorter sleep duration during infancy (\<12 hours/day) has been associated with higher BMI z score, skinfold measures, and increased odds of overweight in 3-year-old children \[[@B206]\].

Parenting behaviors surrounding sleep duration in infancy may influence sleeping patterns for life. Infants of whom do not sleep for at least 6 hours nightly by age 5 months have a greater risk of short nocturnal sleep duration later in childhood \[[@B211], [@B212]\] and one longitudinal study of sleep in children reported that sleep duration for age, compared with "norms," remained constant for nearly 90% of children age 1--10 years \[[@B213]\]. Thus, it appears, albeit from limited data, that sleep duration during infancy sets the stage for sleeping patterns throughout childhood.

Mechanisms to help explain the relationship between sleep and overweight are based on both physiological and behavioral findings. Biochemical markers are limited for infants and young children; however, sleep restriction in adults has been associated with increases in the appetite stimulating peptide, ghrelin, and a reduction in the anorexigenic hormone, leptin \[[@B214]--[@B216]\]. Although one study with infants identified that lower cord blood ghrelin was associated with slower weight gain from 0-to-3-month-old infants \[[@B217]\], confirmation from larger studies of infants, addressing the influence of confounding variables, is not currently available.

Parental feeding practices, related to infant sleeping, may have a strong impact on early and rapid weight gain. The possibility that food, especially bottle feeding and early introduction of complementary food \[[@B110]\] used by parents as an approach to calm an overtired-fussy infant \[[@B152], [@B218]--[@B220]\] or as a "sleep aid for infants" may be part of the explanation for these associations. Recent interventions that promote the use of alternative approaches to feeding for soothing a fussy infant or increasing nocturnal sleep duration have reported encouraging results \[[@B221], [@B222]\]. Given findings of observational studies indicating sleep duration, particularly that nocturnal sleep duration during infancy and early childhood is associated with pediatric obesity, addressing this variable as part of a multicomponent pediatric prevention program for healthy weight has been recommended \[[@B223]\].

5.8. Shared Family Meals {#sec5.8}
------------------------

Families that regularly eat meals together are likely to positively impact the nutritional health and weight in the children \[[@B224]\]. Meta-analysis of 17 studies of children (age 2.8 years and older) that examined children\'s weight status, food consumption, and eating patterns identified a 12% reduction in odds of pediatric overweight (e.g., \>85th percentile) with a family meal frequency of 3 or more meals together per week \[[@B225]\]. The majority of studies included children of adolescent age; however, when age was tested as a potential moderator, it was found to be non-significant. Similarly, cross-sectional analysis of a nationally representative sample of \~8550 4-year-old children reported that children of whom engaged in eating family meals at least 5 or more evenings per week were at a 16% decreased risk of obesity (\>95th percentile), compared to those consuming fewer family meals together \[[@B188]\]. Although there is little evidence specifically linking family meal participation of older infants and toddlers to obesity, high rates of infants eating outside the home, in fast food store restaurants, have been reported \[[@B123]\]. Family meal time may be a contributor to pediatric overweight for preschool age and older children, and fostering this practice in younger children may have broad benefits, and is unlikely to cause harm.

In summary of the aforementioned potentially modifiable parent feeding and related practices that correlate with pediatric obesity, some within the very youngest infants, a fully causal relationship remains to be established. Prospective and well-controlled interventional studies, offering a practical and generalizable way to address the feeding and parent related practices associated with childhood obesity are urgently needed to address the obesity epidemic.

6. Evidence for Obesity Prevention Strategies with Infants {#sec6}
==========================================================

A great deal is known of the multiple factors associated to obesity, including those associating factors in infancy to obesity, but the documentation of causality remains unclear. The time for additional observational studies is passing us by, and research of interventions that may be efficacious to change the course of the epidemic is overdue. However, to date, few studies have examined the efficacy of interventions for obesity prevention that target infant populations \[[@B226]\]. Only three recent published studies with results of the efficacy of assessing specific interventions for prevention of overweight in early infancy could be identified. As described below, results are mixed.

A randomized, controlled, pilot trial in the U.S., with 110 mother-infant dyads recently reported positive results for their two-component intervention in preventing overweight during infancy among primarily breastfed infants \[[@B222]\]. Interventions were provided by home-nurse visits, consisting of educational content addressing alternative strategies to feeding for soothing a fussy baby, complementary feeding information, a feeding demonstration, and guidance on recognizing hunger and fullness cues. In this study, infants who were provided a "soothe/sleep education intervention" at 2-3 weeks of life, and "introduction to solid food education" between 4--6 months of life, realized a significantly lower weight-for-length percentile at one year of age. Despite study limitations of a relatively small sample size, results indicated that the intervention was effective in helping infants achieve healthy growth, likely through the influence of increases in nocturnal sleep duration, delayed introduction of solid foods, and increases in consumption of vegetable foods.

A second recently published pilot study included 80 infants enrolled during the first week of life, and their post-partum mothers, to assess impact of an education program on infant feeding, sleep duration, TV viewing and mothers\' responsiveness to their infants satiety cues \[[@B221]\]. In addition, the intervention aimed to influence the mother\'s postpartum diet, activity, TV, and sleep behaviors. After 6 months of brief pediatrician messages, motivational interviewing/coaching by health educators, and group parenting workshops, significantly fewer intervention infants had been introduced to solid foods, compared to the usual care-control group. Intervention infants viewed less TV, had larger increases in nocturnal sleep duration, and required less settling time than infants provided usual care. No significant differences in infant weight status were detected; however, trends indicated a lower change in weight-for-length z scores and fewer infants were found in the highest quartiles of weight-for-length among intervention, compared to control, infants. Although this nonrandomized, pediatrician-based, intervention program was not directly effective in influencing maternal postpartum behaviors regarding their own weight, the multicomponent intervention tended to improve infant weight related behaviors employed by the mothers.

A third double-blind, randomized educational intervention study enrolled 3--10-week-old, exclusively formula-fed infants. The educational intervention consisted of one session that focused on recognizing signs of infant satiety and limiting formula volume to no more than 6 oz per bottle. No difference among intervention (*n* = 44) and control infants (*n* = 57) with regard to weight gain, formula intake, or parental behavior was realized when assessed at 4 months. The study was limited by a small sample size and high loss to followup \[[@B152]\].

7. Upcoming Directions {#sec7}
======================

Although a limited number of potentially modifiable factors associated with early childhood overweight have been identified within the published literature, interventions to examine the impact of these factors on prevention of overweight have not been adequately studied. While comprehensive approaches dealing with all aspects of the "global epidemic," at all ages are important and necessary, including pre gestational interventions in fertile women, the first two years of life provide a potential window of opportunity like no other, to establish feeding, dietary, and behavioral patterns that remain with an individual throughout life.

Randomized controlled trials for obesity prevention in infants that address multiple intervention components are on the horizon, and study protocols have been published by at least three groups in Australia \[[@B7], [@B227], [@B228]\], one in London \[[@B229]\], one in Italy \[[@B230]\], and another in the USA \[[@B231]\]. To date, one study in Australia \[[@B7]\], and another in New Zealand \[[@B8]\] targets infants from birth; participant acceptance of the former intervention is reported as positive \[[@B232]\], and results of impact on obesity prevention are pending.

Another exploratory, randomized controlled trial is currently underway in the United Kingdom with infants under 18 months, and aims to prevent further obesity in high risk infants (those with weight \>95th percentile, or a preschool age sibling with obesity, or a mother with obesity). Preliminary results, published as qualitative pilot data, suggest that this multicomponent intervention may serve as a potentially effective approach for obesity prevention within the high risk weaning age child \[[@B233]\].

Causal relationships among potentially modifiable factors and overweight during infancy and young childhood have yet to be firmly established. The potential implementation of a successful intervention strategy to help identify which intervention components are most effective would have meaningful effects on public health and public policy.

8. Conclusion {#sec8}
=============

The prevalence of obesity in infants and toddlers, and its long-term weight status consequences, points to the necessity, as well as the potential for interventions which focus on this age group. Clearly, there are genetic, biologic, and prenatal factors that will need to be addressed, some of which may not be modifiable, others which may come about more slowly. Obesity prevention strategies encouraging a healthy rate of weight gain in the early months of life, breastfeeding exclusivity, timely introduction of nutrient dense, energy appropriate foods, adequate infant sleep, and attention to activity/screen viewing, provided to infants and young children with responsive parental feeding practices in a family meal setting are suggested. Few studies have proposed a comprehensive nutritionally and developmentally appropriate intervention, starting at birth, designed to promote healthy dietary intake, an appropriate early growth trajectory, and a long-term weight status that is consistent with public health recommendations. Given the apparent ontogenetic progression, the metabolic programming plasticity, and the behavioral modeling pliability of infancy, this may be the most critical and potentially efficacious window of opportunity available for true "prevention" of obesity in the general population. Overweight and obesity are already identifiable in infancy. Interventions within the very early months and years of life are critical times for addressing potentially modifiable factors for overweight and obesity prevention.

###### 

Modifiable feeding and related practices associated with overweight or obesity in infants through preschool age children.

  Feeding and related practices                                                Direction of association to overweight or obesity in infants through preschool age children
  ---------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Rate of weight gain during infancy                                           Rate of weight gain, increased weight for length, BMI, or measurements of adiposity during the first 2 years have been positively associated to BMI and/or adiposity during the preschool years \[[@B13], [@B14], [@B61], [@B63]\].
                                                                               
  Breastfeeding                                                                Breastfeeding duration and/or exclusivity has been inversely associated with rate of weight gain or weight measures during infancy, and with weight, adiposity or risk of overweight and obesity in toddler and preschool age children \[[@B60]--[@B93]\].
                                                                               
  Introductory age to complementary foods                                      Early age of introduction to complementary foods (e.g., \<4 months) has been positively associated with rate of weight gain during infancy, and increased weight, or measures of adiposity in infants, toddlers, and preschool age children \[[@B88], [@B102]--[@B108]\].
                                                                               
  Diet quality and quantity:                                                   
   (i) Energy intake                                                           Total energy intake has been positively associated with higher risk or prevalence of overweight in infant, toddler and preschool age children \[[@B108]--[@B116]\].
   (ii) Intake of sweetened beverages                                          Intake of sugar sweetened beverages (excluding 100% juice) has been positively related to measures of adiposity or overweight in toddler and preschool age children \[[@B115], [@B124]--[@B132]\].
   (iii) Fruit and vegetable consumption                                       Children with higher consumption of fruit and/or vegetables, or higher availability of such, consume less total energy and have been associated with a more desirable body composition or body weight during preschool years \[[@B135]--[@B139]\].
                                                                               
  Parent feeding practices:                                                    
   (i) Attention to "hunger and satiety cues"                                  Parental inattention to a child\'s "hunger or satiety cues" has been positively associated with overfeeding or overweight in infants \[[@B152]--[@B155]\].
   (ii) Use of "controlling", "rewarding" or "restrictive" feeding practices   Parental use of "controlling", "rewarding" or "restrictive" feeding practices has been associated with the child\'s food intake, weight gain during infancy, and overweight or obesity in preschool age children; depending on the parental feeding practice and child\'s age, the direction of the association has not been consistently reported \[[@B25], [@B149]--[@B179]\].
                                                                               
  TV/Screen viewing time                                                       Hours of TV or screen time viewing has been positively associated with overweight or obesity in toddler and preschool age children \[[@B5], [@B125], [@B129], [@B186]--[@B192]\].
  Physical activity/active play time                                           Time spent during physical activity or active play has been inversely associated with measures of adiposity or risk of overweight among toddler and preschool age children \[[@B5], [@B105], [@B132], [@B189], [@B190], [@B198]\].
                                                                               
  Sleep duration                                                               Sleep duration has been inversely associated with overweight, obesity, or measures of adiposity in infants, toddlers, and preschool age children \[[@B188], [@B191], [@B205]--[@B210]\].
                                                                               
  Shared family meals                                                          Frequency of a child\'s participation in shared family meals per week has been inversely associated with overweight, obesity, or increased risk of overweight in preschool age children \[[@B188], [@B225]\].
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